We investigated the effects of dehydroepiandrosterone sulfate (DHA-S) on the production of interleukin-8 (IL-8) and expression of the interleukin-8 receptor (IL-8 R) in human cervical tissue. DHA-S increased the levels of IL-8 in cultured human cervical fibroblasts and in the supernatant in a timeand dose-dependent manner. DHA-S induced IL-8 and IL-8 R expression in human cervical fibroblasts and human pregnant cervical tissue at term in a dose-dependent manner. In addition, it induced the expression of IL-8 R in an explant culture of human cervical tissue and cultured human cervical fibroblasts in a time-and dose-dependent manner. However, dehydroepiandrosterone (DHA) only slightly induced the production of IL-8 and the expression of IL-8 R in the same cells and tissue. These results suggest that DHA-S up-regulates the autocrine system of IL-8 through the expression of IL-8 R.
Introduction
Cervical ripening is an essential step for normal parturition. The uterine cervix is mainly made up of collagen bundles embedded in a ground matrix containing glycosaminoglycans (1). Marked biochemical changes in cervical tissue are observed during dilatation at term (2). Collagenase and elastase enzymes are believed to play a role in collagen metabolism during ripening (3, 4). It is suggested that during pregnancy collagenolytic changes in cervical connective tissue are hormonally controlled (5, 6). Dehydroepiandrosterone sulfate (DHA-S) is thought to be involved directly or indirectly in cervical ripening (7). Tahara et al. reported that high concentrations of estrogen and DHA-S are found in the ripened cervix (8). Intravenous injection of DHA-S is commonly used in Japan to induce cervical ripening in patients with an unfavorable cervix late in pregnancy. Recently, local application of vaginal DHA-S suppositories has been very effective in inducing ripening. DHA-S, which is the main precursor of estrogen biosynthesis in the placenta (9), is found to promote interstitial collagenase and gelatinase production in tissue cultures (10). Injection of DHA-S leads to increased estrogen in portiovaginalis (11). However, E 2 is found to suppress the production of collagenase in rabbit cervical cultures and rat uterus (12, 13) . Accordingly, the mechanism of the action of DHA-S cannot be explained by its conversion to estrogen. Junqueira et al. (14) and Rath et al. (15) have shown that neutrophil invasion of the cervix occurs in labor. Neutrophils contain three proteases that are capable of degrading the collagenous content of the cervical tissue: collagenase, elastase and gelatinase (16) . Neutrophilderived rather than endogenous collagenolytic enzymes are thought to be involved in the process of cervical ripening (17) . Interleukin-8 (IL-8), which mediates the transendothelial migration of neutrophils to the site of inflammation, is a newly discovered cytokine with a potent neutrophil chemotactic effect (18) . IL-8 also activates neutrophils leading to the release of their granule content that includes collagenase, elastase and gelatinase (19) . Effects of IL-8 are mediated by binding to two types of specific high affinity receptors, I and II. Exogenous application of IL-8 to the cervix in rabbits is found to induce ripening (20) . The uterine cervix in humans and rabbits produces large amounts of IL-8, especially late in pregnancy (21, 22) . The production of IL-8 in the cervix is suggested to be influenced by steroid hormones. Progesterone is reported to suppress IL-8 production in the rabbit uterine cervix (23) . The progesterone level is markedly decreased in women who begin labor within 24 h after injection of DHA-S (11). Since the effects of IL-8 are modulated at the receptor level, IL-8 receptors (IL-8 R) may be an important target of steroid hormones in the cervix. We assumed that DHA-S may play a role in the effect of IL-8 and its receptors on the cervix. Accordingly, the aim of this research was to study the effect of DHA-S on IL-8 and its receptor in the pregnant cervix.
Materials and methods

Cell culture
Cervical biopsy was collected from four patients at term (38-40 weeks) during elective Cesarean section. This tissue was cut into small pieces, placed in a 24-well plastic dish, and cultured in modified Eagle's medium (MEM) containing 10% fetal calf serum in CO 2 at 37 ЊC. When the fibroblasts were growing rapidly, the tissue was removed and culture was continued to confluence. Each well was treated with different doses of DHA-S (0.01, 0.1 mg/ml) and DHA (0.01, 0.1 mg/ml), in CO 2 at 37 ЊC for 3-24 h. The supernatants were then collected and their IL-8 levels were measured by ELISA. The wells were washed twice with phosphate-buffered saline (PBS), and treated with 400 ml 1% Triton X-100/ PBS for 1 h. The resulting lysates were centrifuged at 3000 g for 10 min, and the intracellular IL-8 in the supernatants was measured by ELISA. IL-8 levels were measured with a commercially available ELISA kit (Amersham, Tokyo, Japan) by the quantitative immunometric, sandwich enzyme immunoassay technique. Exact concentrations of IL-8 were calculated from a standard curve according to the manufacturer's directions. The protein concentration of the cells was measured by ANASOLV TP (Daiichi Pure Chemicals Co., Tokyo, Japan). The concentrations of IL-8 were normalized using these results.
Immunocytochemistry
The human cervical fibroblasts described above were cultured in chamber slides (LAB-TEK, Nalge Nunc International, Naperville, IL, USA). After the cells grew to occupy about 70% of the chamber, each well was treated with different doses of DHA-S (0.01, 0.1 mg/ml) in CO 2 at 37 ЊC for 24 h after which immunocytochemistry of the cells was performed. The medium was removed and washed three times with PBS, pH 7.3. The cells were fixed with 3% paraformaldehyde solution for 10 min at 23 ЊC, and washed again with PBS. The chambers were washed twice in PBS (pH 7.5) followed by fixation in methanol and hydrogen peroxide. After washing, sections were blocked with bovine serum albumin (BSA-PBS 2%) for 20 min. Polyclonal antibodies to human IL-8 receptor type I were used to treat the sections (diluted 1:60) overnight at 4 ЊC. After washing five times in PBS, the sections were incubated with the second antibody (goat anti-rabbit IgG antibody; DAKO, Kyoto, Japan) at a concentration of 1:200 for 3 h at room temperature. Avidin (DAKO, Kyto, Japan) was added at a concentration of 1:1000 for 1 h. Finally, slides were reacted with 3% 3-amino-9-ethyl carbazol substrate (5 min at 23 ЊC, DAKO) and were counterstained with hematoxylin. Negative control sections were subjected to the same methods, except that primary antibodies were replaced with Tris-buffered saline solution.
Immunohistochemistry
Written consent was obtained from all patients in the study. Cervical biopsies were collected from four patients at term (38-40 weeks) during elective Cesarean section. Each biopsy (approximately 5 g tissue) was divided into six parts and used for tissue cultures by incubation with MEM in CO 2 at 37 ЊC. Pieces of cervical tissues were treated with different doses of DHA-S (0, 0.1 and 1 mg/ml) and of DHA (0, 0.1 and 1 mg/ml). Fresh
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Figure 1 IL-8 concentration in supernatants of human cervical fibroblasts at different times after DHA-S treatment. Open bars, no DHA-S; hatched bars, DHA-S (0.01 mg/ml); shaded bars, DHA-S (0.1 mg/ml). *P < 0.01 compared with respective control. frozen sections were prepared and immunohistochemical staining for IL-8 and IL-8 receptor type I in cervical tissues and cervical cells cultured with DHA-S and control groups was performed using the streptavidin-biotin complex-peroxidase kit (DAKO USA). First, antibody (specific anti-IL-8 receptor antibody type I) was prepared by immunizing rabbits with glutathione-S-transferase fused with the NH 2 -terminal domain of each type of IL-8 receptor. Polyclonal antibodies that specifically recognize the NH 2 -terminal domain of IL-8 receptors were prepared. Anti-IL-8 receptor antibodies were kindly provided by Professor Koji Matsushima, Kanazawa University, Japan. Control sections were subjected to the same methods, except that primary antibodies were replaced with Tris-buffered saline solution.
Statistical analysis
All data are shown as meansϮS.D. and Student's t-test was used for analysis of these data.
Results
Effects of DHA-S and DHA on IL-8 production
We measured the levels of IL-8 in conditioned media of cervical fibroblasts 0, 3, 6, 12 and 24 h after DHA-S and DHA stimulation. As shown in Fig. 1, IL-8 concentrations of the media treated with DHA-S increased time dependently and were already significantly higher than controls after 12 h. On the other hand, the IL-8 concentrations of the media treated with DHA were only slightly increased with time in each group and there were no significant differences between groups (Fig. 2) . Intracellular levels of IL-8 increased after DHA-S stimulation (Fig. 3) . The intracellular IL-8 levels following treatment with 0.1 mg/ml DHA-S remained the same from 12 to 24 h. Incubation with DHA had no effect on intracellular IL-8 levels (Fig. 4) .
Immunohistochemistry of IL-8 and IL-8 R
Immunostaining of IL-8 and IL-8 R of cervical tissues in the four patients is summarized in Table 1 . Cervical fibroblasts and interstitial tissue of the control samples stained weakly or moderately for IL-8. A significant increase in the density of IL-8 occurred after incubation with various doses of DHA-S. The staining intensity of IL-8 increased following DHA-S incubation in a dose-dependent manner (Fig. 5) . On the other hand, the density of IL-8 was not altered by the addition of DHA. The density of IL-8 R was significantly increased when the cervical tissues were incubated with DHA-S ( Table 1 ). The staining intensity of IL-8 R also increased following DHA-S in a dose-dependent manner (Fig. 6) . However, the density of IL-8 R was not altered by the addition of DHA (Fig. 7) . IL-8 receptors of the cultured fibroblasts were darkly stained after incubation with DHA-S (Fig. 8) .
Discussion
DHA-S has a great effect on cervical maturity in late pregnancy (24) , and is thought to be involved in the regulation of collagenase metabolism in the human cervix at parturition (25) . It induces a high concentration and activation of collagenase in the uterine cervix that subsequently results in softening of the cervix (11). However, the exact mechanism of these events is not fully understood. It has been attributed mainly to the direct effect of DHA-S on cervical fibroblasts (25) . Recently, we discovered that the combination of IL-8
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Figure 4 IL-8 levels in human cervical fibroblasts at different times after DHA treatment. Open bars, no DHA; hatched bars, DHA (0.01 mg/ml); shaded bars, DHA (0.1 mg/ml). Table 1 Immunohistochemical findings of IL-8 and IL-8 R of human cervical fibroblasts in cervix at term. Staining intensity of cervical fibroblasts after incubation with DHA-S (1 mg/ml) or DHA (1 mg/ml).
IL-8 IL-8 R
and DHA-S vaginal suppositories induced a marked cervical maturation in rabbits (26) . DHA-S had a synergistic effect on IL-8 action. In our experiments, we found that concentrations of IL-8 in both the supernatant and cells of cultured cervical fibroblasts were markedly increased after incubation with DHA-S. More importantly, cervical tissues and cervical fibroblasts treated with DHA-S showed an increase in IL-8 and IL-8 R. These data indicate that the mechanism of action of DHA-S is through the control of IL-8 and IL-8 R. DHA-S may promote the expression of IL-8 receptors in the cervix and increase the affinity of the tissues to bind with IL-8. As a result, the up-regulation of the autocrine system of IL-8 could markedly affect the production and release of IL-8. Hormonal regulation of IL-8 by estrogen and progesterone has been studied. Progesterone downregulated IL-8 expression, and estrogen had no effect (23) . No hormone has been shown to up-regulate IL-8 production. Serum DHA-S is increased at term pregnancy, whereas the progesterone level is decreased, indicating that DHA-S may affect IL-8 R expression of cervical fibroblasts leading to cervical maturation. IL-8 production and expression of IL-8 is weak in the presence of DHA, but the reason for this is unknown. Sakyo et al. reported that DHA-S increases collagenase activity of cervical fibroblasts in rabbits while DHA does not (25) . Androstenediol, which is derived from DHA, increases IL-2 and IL-3 production, but DHA does not (27) . The hydrophilic activity of androstenediol is more potent than that of DHA. DHA-S has a hydrophilic and negative charge because of its sulfate residue; this may be related to cell surface binding (28) .
Collagenase in cervical fibroblasts, and neutrophils are essential collagenolytic enzymes in cervical maturation. It is known that the production of collagenase from cervical fibroblasts increases through DHA-S stimulation (29) . IL-8 stimulates the production of collagenase by cervical fibroblasts (30) . The mechanism of action of DHA-S in the production of cervical collagenase may involve the expression of IL-8 R induced by DHA-S. IL-8 is a potent chemotactic and activating cytokine for neutrophils. Recently, we found that the local application of exogenous IL-8 induced marked cervical maturation (20) . Neutrophil infiltration is important in the process of cervical maturation. Neutrophils infiltrate around the IL-8-bound cells. Collagenolytic activity derived from the infiltrating neutrophils is thought to play the main role in cervical ripening. Infiltration of neutrophils to the cervix may be mediated not only by the level of IL-8 in the tissues, but also by the expression of IL-8 receptors and the affinity of tissues to IL-8. Our previous animal studies revealed that the degree of neutrophil infiltration in subjects treated with DHA-S plus IL-8 is more than that which occurs following treatment with either IL-8 or DHA-S alone (26, 30) . The expression of IL-8 R by DHA-S in cervical fibroblasts may participate in effective accumulation of neutrophils around cervical fibroblasts.
In conclusion, control of the autocrine system of IL-8 is regulated by DHA-S, and the system is involved in cervical maturation. 
